Ranchers’ Use of Drought Contingency Plans in Protective Action Decision Making by Haigh, Tonya et al.
University of Nebraska - Lincoln 
DigitalCommons@University of Nebraska - Lincoln 
Drought Mitigation Center Faculty Publications Drought -- National Drought Mitigation Center 
2021 
Ranchers’ Use of Drought Contingency Plans in Protective Action 
Decision Making 
Tonya Haigh 
Michael Hayes 
Jolene Smyth 
Linda Stalker Prokopy 
Charles Francis 
See next page for additional authors 
Follow this and additional works at: https://digitalcommons.unl.edu/droughtfacpub 
 Part of the Climate Commons, Environmental Indicators and Impact Assessment Commons, 
Environmental Monitoring Commons, Hydrology Commons, Other Earth Sciences Commons, and the 
Water Resource Management Commons 
This Article is brought to you for free and open access by the Drought -- National Drought Mitigation Center at 
DigitalCommons@University of Nebraska - Lincoln. It has been accepted for inclusion in Drought Mitigation Center 
Faculty Publications by an authorized administrator of DigitalCommons@University of Nebraska - Lincoln. 
Authors 
Tonya Haigh, Michael Hayes, Jolene Smyth, Linda Stalker Prokopy, Charles Francis, and Mark Burbach 
 
Ranchers’ Use of Drought Contingency 
Plans in Protective Action Decision 
Making 
Tonya Haigh,1 Michael Hayes,2 Jolene Smyth,3  
Linda Prokopy,4 Charles Francis,5 & Mark Burbach 6 
1 National Drought Mitigation Center, University of Nebraska-Lincoln, Lincoln,  
NE 68583-0988
2 School of Natural Resources, University of Nebraska-Lincoln, Lincoln, NE 
68583-0988
3 Sociology, University of Nebraska-Lincoln, Lincoln, NE 68588-0324
4 Forestry and Natural Resources, Purdue University, West Lafayette, IN 47907
5 Agronomy and Horticulture, University of Nebraska-Lincoln, Kiesselbach Crops 
Research Laboratory 101, Lincoln, NE 68583-0817
6 Conservation and Survey Division, School of Natural Resources, University of 
Nebraska-Lincoln, Lincoln, NE 68583-0995
Correspondence — T. Haigh, National Drought Mitigation Center, University of Nebraska-
Lincoln, 802 Hardin Hall, Lincoln, NE 68583-0988, USA; email thaigh2@unl.edu 
Abstract 
Drought contingency planning is an increasingly common tool in the ranchers’ cli-
mate adaptation toolboxes, but its effect on drought response has not yet been 
evaluated. We use cognitive models of protective action decision making and plan-
ning to explore the effects of having a drought plan on the use of drought early 
warning information and drought response (and timing). Results of a cross-sectional, 
probability-based survey of livestock producers affected by a 2016 flash-drought are 
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used to describe the characteristics of operations with drought plans and provide 
evidence of whether having a plan predicts drought information use and response. 
While larger operations are more likely than others to have plans for drought, hav-
ing a drought plan appears to play a unique role in ranchers’ use of information and 
decision making regardless of operation size. Findings suggest that encouraging 
the use of drought contingency planning may improve ranchers’ adaptive capac-
ity. Increased use of planning may also increase the effectiveness of communicat-
ing risk and early warning information, by making such information more action-
able by decision makers. 
Keywords: Destocking, Drought, Implementation intention, Rangeland, Timing 
 
Introduction 
Rangeland-based livestock producers face increasing challenges to 
the sustainable management of their ranch operations before, dur-
ing, and after anomalous climate events such as drought. Years of 
investment in building the resilience and health of ranch resources 
can be eroded as a result of mismanagement during a single severe 
drought event. While this risk is serious, many ranchers find it diffi-
cult to mobilize the ranch resources needed to successfully adapt to 
and cope with drought. Rangeland-based livestock producers often 
operate under thin profit margins, which often put economics and 
other management priorities at odds, even for ranchers committed 
to sustaining their operations through drought (Brunson and Hunt-
singer 2008; Sayre et al. 2012; Sayre et al. 2013). To support effective 
ranch drought management, therefore, it is important to identify ap-
proaches that help ranchers translate even limited ranch resources 
into successful response strategies (Marshall and Smajgl 2013; Mor-
treaux and Barnett 2017). 
This study examines drought contingency plans as one such ap-
proach to supporting ranchers’ decision making and management. 
A contingency plan addresses how management should be adjusted 
when conditions occur that are outside of “normal” or “expected” op-
erating ranges. A ranch drought contingency plan typically prescribes 
forage or livestock management actions to be taken when a spe-
cific condition (e.g., deficit of forage production or precipitation re-
ceived) occurs (Bedell and Ganskopp 1980; Thurow and Taylor 1999; 
Dunn et al. 2005; Patterson and Richardson 2007; Knutson and Haigh 
2013; Kachergis et al. 2014; Briske et al. 2015; Derner et al. 2018). A 
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contingency plan is considered a proactive approach to risk manage-
ment in the sense that it seeks to minimize loss rather than respond to 
loss (Smit and Skinnner 2002). Drought contingency plans may take a 
variety of forms, including whether the plan is a written document or 
a set of guidelines in the manager’s mind (Haigh and Knutson 2013). 
Some ranchers develop plans using scientific data or technology that 
quantifies the relationship between precipitation amounts through-
out the year and forage productivity (Knutson and Haigh 2013). Other 
ranchers have plans based on traditional knowledge gained over years 
of monitoring and managing a place (ibid.). Some ranchers comple-
ment a contingency plan with mitigation actions that build resilience 
and flexibility into ranch and financial management. Mitigation ac-
tions can improve the options available to the rancher during drought 
but are not themselves part of the operational definition of a contin-
gency plan. 
Increasing in use, up to 60% of cattle ranchers in Utah and Wyo-
ming have reported using some type of drought contingency plan-
ning in their operations (Coppock 2011; Kachergis et al. 2014). How-
ever, little research has been done to document the effect of having a 
contingency plan on ranchers’ drought management decisions, given 
the financial and other resources available in their operations. Some 
studies have reported that ranchers perceive that their drought man-
agement plans improved their outcomes following drought, but the 
studies did not compare the outcomes of those with and without a 
plan, or at different resource levels (Coppock 2011; Haigh and Knut-
son 2013; McClaran et al. 2015). A few studies specifically link having 
a drought plan with the timing of destocking actions or link the timing 
of destocking with improved outcomes following drought, but they 
do not also compare ranchers with and without drought plans (Haigh 
and Knutson 2013; Haigh et al. 2019; Smart et al. 2019). An empirical 
examination of the relationship between having a drought plan and 
decisions made during a specific drought event is necessary to un-
derstand the potentials and limitations of the strategy for long-term 
drought adaptation. 
One aspect of the drought contingency plan is of particular in-
terest to climate information providers—the determination of con-
ditions being outside of “normal” or “expected” operating ranges. 
Many ranchers with drought plans report that monitoring for early 
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detection of drought stress is an integral aspect of their plans (Knut-
son and Haigh 2013). On-farm monitoring is a common strategy, both 
assessing range forage production and/or installing and using pre-
cipitation gauges (ibid.). Climate information providers also encour-
age the use of scientific climate monitoring information such as that 
provided by the National Weather Service or the US Drought Monitor 
(Knutson and Fuchs 2016). These resources are typically referred to as 
components of drought early warning systems, offering both current 
condition monitoring and outlooks and forecasts of future conditions 
(Wilhite and Svoboda 20 0 0). Scientific data can be valuable to sup-
plement rancher on-farm monitoring effort s by reinforcing what they 
are seeing, alerting them to the need to pay attention to local condi-
tions, or highlighting local or regional trends. 
While drought early warning information may be beneficial to 
ranch decision making, climate information adoption has been sub-
optimal (Lemos et al. 2012; Joyce et al. 2013; Kirchhoff et al. 2013; 
Derner and Augustine 2016; Haigh et al. 2018). Agricultural produc-
ers may not trust the accuracy or skill of the information (Haigh et al. 
2018) but also may not see the relevance of the information or how it 
fits in the decisions being made (Cash et al. 2002; Lemos et al. 2012; 
Kirchhoff et al. 2013; Brasseur and Gallardo 2016) or have sufficient 
capacity to use the information (Marshall et al. 2011). Research on 
decision makers’ use of climate information has led investigators to 
focus on improving the relevance and fit of information to decision 
making, leading to new decision support tools for range manage-
ment (e.g., Peck et al. 2019). However, to date, there has been little 
investigation of how having a drought contingency plan might also 
affect how ranchers use and are influenced by drought monitoring 
or early warning information. Research is needed to identify the con-
ditions that underlie the value of both the scientific information and 
the plan itself and to inform efforts to improve the usability of such 
information for decision making. 
Two bodies of social-psychological decision-making theory under-
lie our research questions regarding the relationships among drought 
contingency planning, information use, and response actions. The first 
area of theory aims to describe and predict the ways that an individ-
ual’s protective action behaviors are triggered by perceived threats in 
the environment (Grothmann and Patt 2005; Lindell and Perry 2012). 
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The second body of theory seeks to predict the likelihood of individ-
uals achieving desired behaviors using the concept of implementa-
tion intentions, or if-then plans, related to the behavior (Gollwitzer and 
Sheeran 2006; Webb and Sheeran 2008; Wong et al. 2016). 
Before describing the theories that inform our research questions, it 
is important to note that the social-psychological process of decision 
making must be understood in the context of the rancher’s decision-
making space. Rancher decision making occurs within the particular 
situation of his or her own operation, as well as broader social systems 
related to livestock production practices, land ownership patterns, lo-
cal and global economics, and culture, as depicted in Fig. 1. This ranch 
and social context, along with characteristics of the rancher himself 
or herself, are likely to shape the rancher’s perceptions, knowledge, 
and decision making, including the likelihood of having a drought 
plan, use of drought early warning information, assessment of risk 
and management options, and decisions during drought (Kachergis 
et al. 2014; Roche et al. 2015; Haigh et al. 2019). To understand how 
the drought contingency plan itself influences decision making and 
drought response independently of the ranch resources that ranchers 
have at their disposal, it is important to acknowledge and account for 
this nested and interrelated decision-making context. 
Fig. 1. Conceptual model linking drought contingency plan, use/influence of mon-
itoring and early warning, decision making, and drought response actions. Rela-
tionships that are not a focus of this investigation are depicted with gray arrows. 
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Within this context, when an individual is faced with a threat such 
as lack of precipitation, his or her response to the threat may depend 
on several complex cognitive processes. The Protective Action Deci-
sion Model (PADM), for example, depicts a three-stage process of (1) 
becoming aware of cues to action, (2) weighing potential threats and 
one’s ability to take protective actions, and (3) choosing a behavioral 
response (Becker et al. 2013; Kuligowski 2013; Terpstra and Lindell 
2013; McCaffrey et al. 2018). Many factors influence the process and 
help to determine how and when the individual will respond. For ex-
ample, the PADM model shows how situational uncertainty can cause 
decision makers to cycle repeatedly through the stages of the pro-
cess rather than making a decision to take protective action (Lindell 
and Perry 2012). Situational uncertainty may arise from uncertainty 
about drought development or the ranch’s vulnerability to drought, 
the rancher’s level of experience with drought management, or even 
broader drought policy or market situations. Whatever the source of 
uncertainty, the longer an individual cycles through the process of 
seeking information and weighing options before taking action, the 
more likely it seems that action will be taken reactively rather than 
proactively. This framework/model shapes our exploration of not only 
how ranchers respond to drought conditions but also how quickly 
they respond. 
The PADM does not consider the effect of an individual having a 
contingency plan established before the hazard is encountered. To ex-
plore this possible relationship, we turn to the Theory of Implemen-
tation Intention’s central hypothesis that if a person is motivated to 
take a particular action, setting a plan that prescribes if-then “rules” 
for triggering the action improves the likelihood that the action will be 
taken (Gollwitzer and Sheeran 2006; Webb and Sheeran 2008; Wong 
et al. 2016). Studies have found that having an if-then plan is asso-
ciated with the achievement of goals and is associated with more 
time-efficient action (Aarts et al. 2002; Webb and Sheeran 2007). If-
then plans have been shown to increase the decision maker’s abil-
ity to detect specific cues to action, overcome their initial reluctance 
to take action toward a goal, and shield their goal-oriented behavior 
from being derailed (Aarts et al. 2002; Gollwitzer and Sheeran 2006; 
Webb and Sheeran 2007). To date, research on implementation inten-
tions has taken place largely within the context of health behaviors, 
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and little has been done to extend these findings to hazard response. 
Drought contingency plans, like health behavior if-then plans, define 
specific circumstances and triggers for taking action. We propose that 
the implementation intentions theory may help explain the effect that 
having a drought contingency plan has on the rancher’s drought de-
cision-making process. 
This study addresses the following research questions, informed 
by the structure of the Protective Action Decision Model, modified by 
Implementation Intentions Theory (as shown in Fig. 1). First, we ex-
amine the degree to which contextual factors affect the likelihood of 
a rancher having a drought plan. 
(1) Are ranchers with a drought plan different from those without, 
in terms of ranch resources (hectares, income, access to irriga-
tion, or access to a feedlot), or in terms of their own education 
or experience? 
Then, given the contextual factors that may influence having a 
drought plan, we examine the unique effect of having a drought 
plan on rancher’s use/influence of monitoring and early warning 
information. 
(2) Are ranchers with a drought plan different from those with-
out, in terms of their use and influence of monitoring and early 
warning information, controlling for the effect of relevant con-
textual factors? 
Finally, given the same contextual factors, we examine the unique 
effects of both having a drought plan and the use/influence of mon-
itoring and early warning information on drought response and the 
timing of drought response. 
(3) Are ranchers with a drought plan different from those with-
out, in terms of their likelihood of taking action during a spe-
cific drought event, controlling for the effect of relevant con-
textual factors and their use/influence of monitoring and early 
warning information? 
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(4) Are ranchers with a drought plan different from those without, 
in terms of the time of year they took action during drought, 
controlling for the effect of relevant contextual factors and their 
use/influence of monitoring and early warning information? 
Methods 
This study examines the use of drought planning by ranchers in the 
US Great Plains and the outcomes of having a contingency plan dur-
ing the 2016 drought. The study region includes portions of South Da-
kota, Nebraska, Colorado, Wyoming, and Montana that were affected 
by a severe drought event in 2016. The predominant land cover of 
the US Great Plains region ranges from tall-grass to short-grass prai-
rie but also includes mixed shrub/grassland; cropland used for a va-
riety of crops, including forage, wheat (Triticum aestivum), corn (Zea 
mays), and sugar beets (Beta vulgaris); and forestland. Livestock pro-
duction in the region is dominated by cow-calf enterprises that de-
pend on local rangelands, as well as regional supplies of hay and feed. 
The region is primarily rural, with most counties averaging fewer than 
10 people per square mile. 1 The area is largely dependent on precipi-
tation for agricultural production, with limited areas of irrigated crop-
land. The study region climate is semiarid, and ranchers in this region 
are familiar with drought, having recently experienced moderate to 
extreme drought in the early 2000s, 2012−2013, and 2015.2 The most 
severe drought in recent history was a 2012−2013 event, when much 
of the region experienced “exceptional drought” levels between the 
fall of 2012 and the spring of 2013.3 During this time, many ranchers 
were encouraged to develop a drought contingency plan through 
educational programming and technical support (USDA NRCS 2012). 
The study region experienced a quickly developing drought event 
in 2016. The region entered the spring 2016 season with normal or 
abnormally dry conditions but experienced a “flash drought” event in 
late May and June 2016, defined as experiencing a rapid deterioration 
1 www.census.gov 
2 https://droughtatlas.unl.edu 
3 https://droughtmonitor.unl.edu 
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in conditions over a short period of time (Otkin et al. 2018; Pender-
grass et al. 2020). The US Drought Monitor depicted abnormal dry-
ness over western South Dakota by the end of May, growth of areas 
of moderate, severe, and extreme drought by the end of June and 
large areas of severe and extreme drought by mid-July 2020. On-the-
ground reports of decreased soil moisture and plant stress generally 
preceded the depiction of drought on the US Drought Monitor but 
were otherwise consistent, highlighting the role of the US Drought 
Monitor (USDM) as depicting the emergence of drought conditions 
over the prior week (looking backwards) rather than being a lead-
ing indicator of future drought (Otkin et al. 2018). National Weather 
Service seasonal and monthly outlooks did not predict the drought 
(NOAA CPC, 2020), but many ranchers relied upon short-term forecast 
information throughout the event. Reported impacts of the drought 
included forest and grassland fires, reductions in grain yields, reduced 
forage production, water quality and quantity problems, and eco-
nomic losses characteristic of the severity of drought experienced.4 
Description of Survey Methods 
We addressed the research questions using the results of a survey of 
a cross-sectional, probability-based sample of rangeland-based live-
stock producers who self-identified as the operation’s primary deci-
sion maker. The sampling frame was a list of landowners with a history 
of production of forage, wheat, corn, or sugar beets, obtained through 
a Freedom of Information Request of the USDA Farm Services Agency 
(FSA). The list contained landowners eligible for FSA programs includ-
ing conservation programs, FSA farm loans, and emergency and disas-
ter programs (i.e., Livestock .Forage Disaster Program and Livestock 
Indemnity Program). These lists have been shown to account for 87% 
to 90% of hectares of program crops (Parsons 1996); however, land-
owners who did not participate in any of these programs at the time, 
operations listing a trust as the addressee, and individuals who raise 
livestock but own no land were not represented in the sample. The 
sample was selected from mailing addresses located within counties 
included in the study region that experienced at least abnormally dry 
4 https://droughtreporter.unl.edu
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conditions (US Drought Monitor Status D0) through midsummer, ac-
cording to the US Drought Monitor 5 (Fig. 2). 
The sample was stratified on the basis of the location of the land-
owners’ addresses in relation to the 2016 drought’s extent and sever-
ity, as defined by the US Drought Monitor severity level (Abnormally 
dry, Moderate drought, Severe drought, Extreme drought, and Excep-
tional drought) of the landowner’s county in mid-July 2016.6 In order 
to ensure representation of landowners experiencing all four levels of 
drought severity, landowners living in “Abnormally dry” and “Moderate 
drought” strata (which occurred in more highly populated counties) 
Fig. 2. Black dots overlying the US Drought Monitor for July 26, 2016, represent 
the approximate locations of survey respondents (randomly distributed within zip 
codes to protect individual identities) within the US Northern Great Plains region. 
5 http://droughtmonitor.unl.edu 
6 https://droughtmonitor.unl.edu/Maps/MapArchive.aspx 
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were undersampled, while landowners living in “Severe drought” and 
“Extreme drought” strata (which occurred in less populated counties) 
were oversampled. No part of the region experienced “Exceptional 
drought” during this event. As a result, landowners in the sampling 
frame who lived in “Abnormally dry” areas had a 7% chance of be-
ing included in the sample, those in “Moderate drought” areas had a 
20% chance, those in “Severe drought” had a 70% chance, and those 
who lived in “Extreme drought” had a 100% chance of being included 
in the sample. Data were weighted to account for unequal probabil-
ity of selection, and stratification was accounted for in the analysis. 
The survey was designed and administered as part of a National 
Oceanic and Atmospheric Administration Sectoral Applications Re-
search Program (NOAA SARP)−funded project to improve drought 
early warning capabilities for agriculture in the Missouri River Ba-
sin. The survey was administered by the National Drought Mitigation 
Center via the US Postal Service following the Dillman (1991) method, 
with a presurvey letter mailed in early November 2016, an initial sur-
vey mailing in late November 2016, and a follow-up survey mailing in 
early January 2017. The presurvey letter and each of the mailed sur-
veys offered respondents the opportunity to take the survey online 
(Dillman et al. 2014). Of the 2 389 surveys that were mailed out, 71 
were explicit refusals, 245 were returned but not eligible (either not 
an agricultural producer or no livestock in operation), 1,819 were not 
returned and had unknown eligibility, 4 were returned with < 50% of 
applicable questions answered, and 250 were returned either partially 
or completely answered (> 50% of applicable questions). Using Amer-
ican Association for Public Opinion Research (AAPOR) response rate 
#4, the response rate was 18% (The American Association for Public 
Opinion Research 2015). 
Constructs and Variables 
The survey instrument was developed with the input of content and 
theory experts and pretested with agricultural extension personnel 
volunteers. The questionnaire measured drought management ac-
tions that producers took, whether or not they had a plan for drought, 
and the degree to which they used and were influenced by a range of 
drought monitoring information sources, in addition to demographic 
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and operational characteristics. Question wording and answer cate-
gories are summarized below and are provided in detail in Table 1. 
Having a Drought Plan 
Having a “drought plan” was measured with a question that asked 
whether the respondent’s operation has specific actions that he or she 
plans to take when drought conditions occur (No, Yes, I don’t know). 
Only 5% of respondents answered “I don’t know” to this question, in-
dicating that respondents understood the concept and knew whether 
or not they had this type of plan. “I don’t know” responses were com-
bined with the “Nos” to create a binary No-Yes variable. 
Actions Taken During Drought 
The survey contained two types of measures of drought manage-
ment actions—variables that measured taking action and variables 
that measured the timing of taking action. Taking action was opera-
tionalized as four separate outcome variables indicating whether or 
not respondents (1) purchased more hay or feed than usual to sup-
plement existing feed stocks; (2) grazed fall or winter pastures earlier 
than planned; (3) destocked pastures more than usual through culling, 
early weaning, ending grazing contracts, sending to feedlot, etc. of any 
livestock; or (4) culled and sold more breeding animals than usual, be-
cause of drought in 2016. These are common drought management 
strategies documented in the literature (Coppock 2011; Kachergis et 
al. 2014; Roche 2016; Haigh et al. 2019). The possible responses for 
each action were “not applicable,” “no,” and “yes,” with “not applica-
ble” responses treated as missing. The timing of taking each action 
was operationalized as the month respondents reported beginning to 
take each of the four actions listed above (January–December 2016). 
Respondents who did not take an action were listed as missing for the 
associated timing variable. 
Information Use/Influence of Drought Early Warning 
Respondents’ use and influence of drought early warning informa-
tion was measured with a survey question asking whether or not they 
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Variable 
Question wording 
Answer categories and codes
Has drought plan 
Does your operation have specific actions that 
you plan to take when drought conditions oc-
cur (e.g., a “drought plan”)?
(0) No;
(1) Yes;
(0) I don’t know (combined with “No” in analysis)
Drought response actions 
Please indicate whether or not you took each 
of the following actions on your farm in re-
sponse to drought conditions in 2016. • Pur-
chase more hay or feed than usual to sup-
plement existing feed stocks • Graze fall or 
winter pastures earlier than planned • De-
stock pastures more than usual (through any 
culling, early weaning, ending grazing con-
tracts, sending to feedlot, etc.) • Cull and sell 
more breeding animals than usual
(0) No;
(1) Yes;
(Missing)Not applicable
Timing of drought response actions 
If yes, in what month did you begin taking each 
action? (Same actions as listed above)
(1) January–(12) December
Use/Influence of drought early warning 
information 
Do you consult any of the following sources for 
information on drought conditions? If yes, 
how influential are they to your farming/
ranching management decisions? • On-farm 
rain gauge or soil moisture sensors • Own 
assessment of crop range or livestock con-
ditions • National Weather Service • U.S. 
Drought Monitor
(0) Not used;
(1) Used, but not influential; 
(2) Used and somewhat influential; 
(3) Used and very influential
Land base 
Please indicate the total number of acres you 
own and rent from others that are range or 
pasture land.
Write in number (converted to ha)
Financial resources 
Please indicate the level of your gross farm/ranch 
sales in a typical year.
(1) Under $25,000;
(2) $25,000-$49,999;
(3) $50,000-$99,999;
(4) $100,000-$249,999;
(5) $250,000-$499,999;
(6) $500,000-$999,999;
(7) $1,000,000+
Experience 
For how many years have you been a primary 
decision maker for your farm/ranch?
(1) Fewer than 10;
(2) 10-19;
(3)20-29;
(4)30-39;
(5) 40-49;
(6)50 or more
Education 
What is the highest level of education that you 
have completed?
(1) Less than high school;
(2) High school/GED;
(3) 2-year college/tech/Associate;
(4) 4-year college (Bachelor’s);
(5) Advanced degree (MS, MBA, PhD, etc.)
Range condition 
If you manage range or pasture land, what per-
cent was classified as excellent, good, fair, or 
poor range condition prior to 2016?
Write in number
Irrigation 
Is any of your pasture/range land irrigated or 
sub-irrigated?
(0) No; 
(1) Yes
Summer drylot/feedlot 
Please indicate whether or not you feed livestock 
in a feedlot or dry lot during summer grow-
ing season.
(0) No; 
(1) Yes
Table 1 Variables, question wording, and answer categories.
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used and were influenced in their management by drought monitor-
ing and early warning resources including: on-farm rain gauges or soil 
moisture sensors; their own assessment of crop, range, and livestock 
conditions; the National Weather Service; and the USDM. Response 
categories included “not used,” “used but not influential,” “used and 
somewhat influential,” and “used and very influential.” 
Rancher Characteristics 
Rancher characteristics shown to affect decision making include edu-
cational level and experience (Jianjun et al. 2015). Education was mea-
sured on a categorical scale, from “some formal education, less than 
high school” to “advanced degree (MS, MBA, PhD, etc.).” Experience 
was measured as the number of years the respondent had been the 
primary decision maker for their farm/ranch, on a categorical scale of 
“fewer than 10 years” to “50 years or more.” 
Ranch Characteristics 
Ranch characteristics that may affect ranchers’ decision making in-
clude the size of the operation, or land base in terms of hectares, and 
financial resources (Kachergis et al. 2014). The rangeland land base 
was measured through a survey question asking respondents to write 
in the total number of acres of all owned and rented rangeland, which 
was converted to hectares. The log of this total was included in anal-
yses to account for the nonlinear distribution of farm/ranch sizes, 
with a large number of farms/ranches operating a small amount of 
land, and a small number of farms/ranches operating large amounts 
of land (USDA, ERS 2020). Financial resources were also measured as 
gross farm/ranch sales, measured categorically from “under $25,000” 
to “$1,000,000 or more.” 
In addition to the ranch’s resources, the sensitivity of the ranch to 
harm may affect the rancher’s decision making (Haigh et al. 2019). 
Three potential sources of drought sensitivity in the operation were 
included in the analysis: range condition, measured as the percent of 
range classified as “excellent” before 2016 (0−100%); whether any pas-
ture/range land is “irrigated or subirrigated” (No/Yes); and whether or 
not the operation includes a year-round feedlot (No/Yes). 
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Finally, the context of the drought event experienced at the ranch’s 
location is likely to have an effect on decision making (Briske et al. 
2015; Haigh et al. 2019). Drought severity experienced between Oc-
tober 2015 and June 2016 was included in the analysis as a control 
variable. We accounted for the drought severity experienced by each 
respondent in 2016 by linking a common precipitation index to the 
survey records. We used the Standardized Precipitation Evapotrans-
piration Index (SPEI) value as a measure of the overall dryness expe-
rienced by each survey respondent during the months that drive for-
age productivity in the region. SPEI values range from positive 3 to 
negative 3, with positive values indicating greater than median pre-
cipitation and negative values indicating less than median precipita-
tion. We used SPEI values for October 2015–June 2016 to represent 
key forage production months for the study region (Smart et al. 2007). 
The 3-mo SPEI was used to depict the balance between precipitation 
and potential evapotranspiration over the previous 3 mo, calculated 
at weekly intervals, and was calculated as a monthly median value for 
each respondent’s county, as described by Haigh et al. (2019) . 
Statistical Analysis 
Data were weighted to account for unequal probability of being sam-
pled, and stratification was accounted for in the analysis using STATA 
“svy” code (Statacorps 2009). Stata v. 11 was used for all descriptive 
and inferential statistical analysis (ibid.). Analysis followed a multi-
step process. 
First, we examined the relationship between a rancher having a 
drought plan and his or her education and experience and between 
having a drought plan and various characteristics of the ranch oper-
ation. These relationships were tested to assess whether those with a 
drought plan are contextually different from those without a drought 
plan. The relationships between having a drought plan and the ranch-
er’s individual and operation (ranch) characteristics were assessed us-
ing the following tests of association. We examined whether there 
was a significant difference in size (hectares) of rangeland or per-
cent excellent condition rangeland between those with and without 
a drought plan using an adjusted Wald test to compare group means. 
We examined the relationship between having a drought plan and 
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characteristics measured at the ordinal or categorical levels (i.e., gross 
sales, education, years of experience, irrigation, feedlot) using a Chi-
square test of association. Characteristics of the ranch and rancher 
that were found to have a relationship with having a drought plan at 
a significance level of 0.05 were added as control variables to models 
used to predict ranchers’ use of drought early warning information, 
actions taken during drought, and timing of action. 
We examined the relationships between having a drought plan 
and the use/influence of information, drought response action, and 
the timing of action using multivariable logistic and ordered logistic 
models containing relevant control variables described earlier. We ex-
amined the use/influence of on-farm monitoring and drought early 
warning information as a function of having a drought plan, contex-
tual control variables, and drought severity as a control variable. We 
examined the rancher’s drought response actions and the timing of 
actions as a function of having a drought plan, use/influence of on-
farm monitoring and drought early warning information, contextual 
control variables, and drought severity as a control variable. We in-
cluded use/influence of the types of drought early warning informa-
tion associated with having a plan in the drought response models as 
potential mediators in the relationship between having a drought plan 
and the rancher’s drought response actions and the timing of action. 
We ran separate predictive models with each of type of drought early 
warning information that we found to be related to having a drought 
plan, rather than incorporating all types of information in the same 
model, due to the small n for each analysis and associated need to 
limit the number of predictive variables in each. 
The type of regression model used depended on the type of de-
pendent variable to be predicted. We examined the effect of having 
a drought plan on binary dependent (yes/no) variables (i.e., whether 
or not a specific drought response action was taken) using logistic re-
gression models. We examined the effect of having a drought plan 
on ordered or scaled categorical outcomes (i.e., use/influence of in-
formation, month of taking action) using ordered logistic regressions, 
or proportional odds models, which do not depend on the outcome 
category and are useful for determining the general direction of re-
sponse (Hosmer et al. 2013). In each case, we examined full models, 
determined whether or not the full model predicted the outcome 
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variable better than a null or random model, and determined whether 
or not having a drought plan contributed significantly to the predic-
tive model. The models with parameters were compared with the null 
model using a likelihood-ratio test appropriate for nested models, the 
F-test. An F-test different from the null (probability that F is not 0) in-
dicates that the more complex model (inclusive of the drought plan 
variable) may provide a better fit than the random, null model. If the 
full model improved prediction over the null model, the importance of 
having a drought plan to the model was determined by examining the 
t-value of the variable’s coefficient in the model. If the t-value of the 
coefficient was statistically different from 0, the variable could be said 
to contribute significantly to the predictive model. Statistical signifi-
cance was determined with a 95% confidence level at an alpha = 0.05. 
Logical skip-patterns in data led to substantial missing data for vari-
ables measuring the timing of protective actions. Cases with missing 
data were eliminated from analysis using casewise deletion. For the 
methods used in this study, 250 responses were adequate to obtain 
a power of 0.80, assuming small-to-medium (∼ 0.20) effect sizes (Co-
hen 1992). Where skip patterns resulted in a lower n (i.e., the timing 
of protective actions), the analysis was only powerful enough to de-
tect medium effect sizes (e.g., 0.30 and above) and may have missed 
smaller effect size relationships. 
Results 
Effect of Rancher and Ranch Context on Likelihood of Having a 
Drought Plan 
Fifty-nine percent of ranchers in this study region reported having an 
if-then plan for drought, similar to the proportion found by Kacher-
gis et al. (2014) in Wyoming. Rancher and operation characteristics 
are provided in Table 2 . Ranchers with a drought plan were not dif-
ferent from those without a plan in terms of their levels of education 
or years of experience and also were not working in different contexts 
in terms of whether or not they fed livestock in a feedlot or the per-
cent of their rangeland they classified as “excellent” (Table 3). How-
ever, ranchers with a drought plan tended to run larger operations in 
Haigh  et  al .  in  Rangeland Ecology  &  Management  74  (2021 )        18
Table 2 Characteristics of ranchers and operations: weighted mean or proportion, 
standard error, and number of observations.
Variable  Category  Mean or proportion  SE  N
Has a plan for drought     252
  No  0.34  0.05
  Yes  0.59  0.05
  I don’t know (combined  0.05  0.02 
    with “No” in analysis) 
  Missing  0.02  0.01
Land base (range hectares)   1118.90  145.59  232
Financial resources     252
  Under $25,000  0.07  0.02
  $25,000-$49,999  0.10  0.03
  $50,000- $99,999  0.18  0.04
  $100,000-$249,999  0.28  0.04
  $250,000-$499,999  0.15  0.03
  $50,0000-$999,999  0.11  0.03
  $1,000,000+  0.03  0.02
  Missing  0.09  0.03
Rancher experience (years)     252
  Fewer than 10  0.08  0.02
  10-19  0.14  0.02
  20-29  0.18  0.02
  30-39  0.23  0.03
  40-49  0.20  0.03
  50 or more  0.13  0.02
  Missing  0.044  0.01
Rancher education     252
  Less than high school  0.02  0.01
  High school/GED  0.34  0.04
  2-yr degree  0.23  0.04
  4-yr degree  0.27  0.04
  Advanced degree  0.10  0.03
  Missing  0.04  0.02
Irrigation     252
  No   0.72  0.04
  Yes   0.17  0.03
  Missing  0.11  0.03
Summer drylot/feedlot     252
  No  0.71  0.04
  Yes  0.12  0.03
  Missing  0.17  0.04
Range condition (percent excellent condition)  29.22  3.41  209
SPEIa from October 2015 through June 2016  −0.10  0.01  252
a. Standardized Precipitation Evapotranspiration Index.
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terms of land base, reported higher gross sales, and were less likely to 
have irrigated/subirrigated pastures. Land base and gross sales were 
highly correlated with one another (Spearman Rho = 0.64, P = 0.00). 
For the subsequent analyses, land base and having irrigated pastures 
were used as control variables. We did not use gross sales as a con-
trol variable because of the likelihood that collinearity with land base 
would make interpretation of the results more difficult. 
Effect of Having a Drought Plan on Use/Influence of Drought Early 
Warning Information 
As reported in Haigh et al. (2019), ranchers were most influenced 
by their own assessment of conditions in making decisions during 
drought, with 77% of ranchers making their own assessments and 50% 
saying that their own assessments were “very influential.” Over 70% 
of ranchers used on-farm rain gauges and/or soil moisture monitors 
and were evenly split between finding the information “somewhat in-
fluential” and “very influential.” Over half of ranchers used information 
from the US Drought Monitor, or from the National Weather Service, 
but on average, they considered it only “somewhat influential” (Table 
4). In the full predictive models, having a drought plan was associated 
with ranchers’ increased use and influence of their own assessments 
of conditions (Coef. = 1.40, P = 0.01) and the National Weather Ser-
vice (Coef. = 1.06, p = 0.01) (Table 5). Having a drought plan was also 
associated with increased use and influence of on-farm rain gauges 
Table 3 Comparing the characteristics of groups with and without a drought plan.
Variable  Uncorrected chi 2  F  Prob.  n
Land base (range ha)   9.39  0.00  225
Irrigated pastures  7.82  5.71  0.02  224
Gross sales  26.49  2.33  0.04  220
Education  11.99  1.81  0.14  231
Experience (yr)  13.74  1.29  0.27  230
Feedlot  0.08  0.03  0.85  200
Range condition (percent excellent)   1.24  0.27  204
Reporting uncorrected Chi-square tables and Adjusted Wald (F Comparison of Means), prob-
ability that the groups are not different, and the number of observations used to com-
pare groups.
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(Coef. = 0.99, P = 0.04), though the full models did not improve pre-
diction over the null random model. Having a drought plan was not 
associated with use/influence of the US Drought Monitor. These re-
sults suggest that having a drought plan does increase the use and 
influence of on-farm assessment of conditions and some, but not all, 
types of drought early warning information. 
Effect of Having a Drought Plan on Drought Response Actions Taken 
Forty-five percent of ranchers responded to drought conditions in 
2016 by grazing fall/winter pastures earlier than planned (Table 6). 
Forty-four percent destocked pastures through some means more 
Table 4 Proportion of producers who use and are somewhat or very influenced by sources 
of drought early warning information.
 Weighted proportion  SE
Own assessment of crop, range, or livestock conditions
Not used  0.20  0.04
Used, but not influential  0.00  0.00
Used and somewhat influential  0.27  0.04
Used and very influential  0.50  0.05
Missing  0.04  0.02
On-farm rain gauge or soil moisture sensors
Not used  0.27  0.04
Used, but not influential  0.06  0.02
Used and somewhat influential  0.33  0.04
Used and very influential  0.32  0.05
Missing  0.03  0.01
National Weather Service
Not used  0.32  0.05
Used, but not influential  0.03  0.02
Used and somewhat influential  0.47  0.05
Used and very influential  0.16  0.04
Missing  0.02  0.01
US Drought Monitor
Not used  0.43  0.05
Used, but not influential  0.09  0.03
Used and somewhat influential  0.30  0.04
Used and very influential  0.15  0.04
Missing  0.02  0.01
Reporting weighted proportions and standard errors. N = 252 for all, including missing cases.
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than usual, though fewer (29%) culled their breeding herds. Thirty-six 
percent purchased more supplemental hay or feed. 
We found that having a plan increased the likelihood of taking 
some actions but not others. Ranchers with drought plans were more 
likely than others to destock through some means due to drought 
conditions in 2016, controlling for operational factors, drought se-
verity, and any type of use of drought early warning information (Ta-
ble 7). However, ranchers with a drought plan were no more or less 
likely than others to purchase supplemental feed, early graze fall/
winter pastures, or cull their breeding herds because of the drought. 
These results are consistent with past descriptive research finding that 
drought contingency plans tend to be primarily focused on destock-
ing actions (Knutson and Haigh 2013). 
Table 5 Ordered logistic and linear regression models predicting the use/influence of indi-
vidual types of early warning information.
 Coef.  Std. Err.  T  P > t  Model Stats.
On-farm rain gauge or soil moisture sensors
Irrigation  −0.50  0.58  −0.86  0.39  n  199
Land Base  −0.01  0.14  −0.06  0.95  F (4, 192)  1.61
Drought Severity  −0.08  0.80  −0.10  0.92  Prob > F  0.17
Drought Plan  0.99  0.49  2.02  0.04
Own assessment of crop, range, or livestock conditions
Irrigation  −0.29  0.46  −0.63  0.53  N  198
Land Base  −0.05  0.15  −0.34  0.73  F (4, 191)  5.90
Drought Severity  −2.09  0.72  −2.91  0.00  Prob > F  0.00
Drought Plan  1.40  0.49  2.87  0.01
National Weather Service
Irrigation  −0.92  0.63  −1.46   0.15 n 200
Land Base  0.28  0.15  1.93  0.06  F (4, 193)  4.51
Drought Severity  0.08  0.88  0.09  0.93  Prob > F  0.00
Drought Plan  1.06  0.39  2.69  0.01
US Drought Monitor
Irrigation  −0.75  0.56  −1.35  0.18  n  198
Land Base  0.28  0.14  2.01  0.05  F (4, 191)  2.31
Drought Severity  0.57  0.82  0.69  0.49  Prob > F  0.06
Drought Plan  0.49  0.45  1.07  0.28
Coefficients and measures of significance (t, P > t) are provided for each model variable. Tests 
of overall fit (F-statistic, Prob > F) are provided for each model, as well as the number of 
observations used in the model.
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Table 6 Proportion of producers taking drought response actions, and the month 
they began acting.
                                                                                 Weighted proportion            SE
Purchase more hay or feed than usual to supplement existing feed stocks
No 0.49 0.05
Yes 0.36 0.04
Missing or Not Applicable 0.15 0.04
Purchase hay/feed—beginning in which month
February 0.01 0.01
March 0.01 0.01
April 0.01 0.01
May 0.00 0.00
June 0.02 0.01
July 0.06 0.02
August 0.03 0.01
September 0.06 0.02
October 0.06 0.02
November 0.04 0.02
December 0.02 0.01
Missing or Not Applicable 0.68 0.04
Graze fall or winter pastures earlier than planned
No 0.40 0.05
Yes 0.45 0.04
Missing or Not Applicable 0.16 0.04
Graze earlier than planned—beginning in which month
June 0.01 0.00
July 0.01 0.01
August 0.06 0.01
September 0.13 0.03
October 0.07 0.02
November 0.02 0.01
December 0.00 0.00
Missing or Not Applicable 0.70 0.04
Destock pastures more than usual
No 0.43 0.05
Yes 0.44 0.05
Missing or Not Applicable 0.13 0.03
Destock—beginning in which month
April 0.00 0.00
May 0.02 0.01
June 0.02 0.01
July 0.10 0.03
August 0.08 0.02
September 0.08 0.03
October 0.07 0.02
November 0.01 0.00
December 0.00 0.00
Missing or Not Applicable 0.62 0.05
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Effect of Having a Drought Plan on the Timing of Taking Action 
As described in Haigh et al. (2019), among those who took each type 
of drought response action in 2016, the timing of beginning to act 
varied from early summer to late fall. Purchases of supplemental feed 
began most frequently in July 2016, but many waited until Septem-
ber or October to begin making these purchases. Early grazing of fall/
winter pastures began most frequently in September, only a month or 
two earlier than normal in some cases. Most destocking (through any 
means) began July through October, while the culling of the breeding 
herd was most likely to begin in October. 
Having a drought plan did not directly predict the timing of de-
stocking or any of the other drought response actions in 2016 (Table 
8). While having a drought plan had no significant direct effect on tim-
ing, the use of the rancher’s own assessment of conditions was asso-
ciated with earlier start dates of destocking and culling the breeding 
herd. Given the influence of having a drought plan on the use and in-
fluence of the rancher’s own assessment of conditions, the effect of 
having a drought plan may be primarily an indirect one. 
Table 6 (continued)
                                                                                 Weighted proportion            SE
Cull and sell more breeding animals than usual
No 0.56 0.05
Yes 0.29 0.04
Missing or Not Applicable 0.16 0.04
Cull breeding animals—beginning in which month
March 0.00 0.00
April 0.00 0.00
May 0.01 0.01
June 0.01 0.01
July 0.03 0.02
August 0.03 0.02
September 0.04 0.01
October 0.06 0.02
November 0.02 0.00
December 0.02 0.01
Missing or Not Applicable 0.78 0.04
Reporting weighted proportions and standard errors. N = 252 for all, including missing cases.
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Discussion 
We introduced this study by noting that the resources available to 
range-based livestock producers for drought management can be 
scarce. Resources such as land, income, education and experience 
have been shown to be critical sources of capacity that land manag-
ers use to adapt to and cope with climate stresses such as drought 
(Engle 2011; Kachergis et al. 2104). The rancher’s adaptive capacity 
helps to determine the ranch system’s vulnerability to climate risk or 
its resilience to disturbances by shaping how they manage ranch re-
sources during drought (Folke 2006). The Protective Action Decision 
Model acknowledges the influence of adaptive capacity on decision 
making, though not explicitly, as “receiver characteristics” and “situ-
ational impediments and facilitators” (Lindell and Perry 2012). This 
study provides evidence that having a drought contingency plan is 
an additional source of adaptive capacity, by demonstrating how the 
plan influences the protective action decision process. 
Our first research question helps us understand the degree that 
having a drought plan is related to other sources of adaptive capac-
ity, commonly thought to include resources like education, experience, 
natural resources, and income (Yohe and Tol 2002; Smit and Wandell 
2006; Tinch et al. 2015). We found that ranchers managing larger ar-
eas of land and with larger gross sales are more likely than those man-
aging smaller operations to have plans for drought. But the effect of 
having a drought plan on drought response was not attributable to 
the fact that ranchers with larger-sized operations are more likely to 
have them. This finding makes clear that having a drought plan, as a 
source of adaptive capacity, functions independently from other ranch 
resources such as land or finances.
So how does a plan function as a source of adaptive capacity? We 
found that having a plan appears to indirectly affect the rancher’s 
ability to identify an approaching threat and directly affect his or her 
ability to identify actionable responses to the threat, framed in terms 
of the Protective Action Decision Model process. As a result, ranchers 
with a drought plan were more likely to destock pastures more than 
usual through culling, early weaning, ending grazing contracts, send-
ing to feedlot, etc., compared with those without a plan, even con-
trolling for drought severity and size of operation. The fact that this 
Haigh  et  al .  in  Rangeland Ecology  &  Management  74  (2021 )        27
specific action was related to the drought plan while other actions 
were not provides validity to the study. We know from past investiga-
tions that decisions around destocking are at the core of many doc-
umented drought plans (Knutson and Haigh, 2013). Destocking pas-
tures is recommended as a preferred drought management strategy, 
as opposed trying to “feed through a drought” with purchased sup-
plemental feed (Haigh and Knutson 2013). But for many ranchers, the 
decision to destock may be more difficult and fraught than a decision 
to purchase feed, because of the potential costs and risks associated 
with destocking (Shrum et al. 2018; Haigh et al., 2012 in review). Thus, 
a plan that specifies when and how to destock may help a rancher 
overcome uncertainty in choosing this strategy as a drought response. 
The Protective Action Decision Model suggests that situational un-
certainty can cause decision makers to cycle repeatedly through de-
cision-making stages, leading to reactive versus proactive response 
(Lindell and Perry 2012). Insofar as having a plan decreases uncertainty 
and the propensity to wait to act, it may be considered a source of 
adaptive capacity. While having a plan did not have significant direct 
effects on the timing of drought response in this study, it appears to 
have had an indirect effect by increasing ranchers’ on-farm monitor-
ing of drought conditions, which itself predicts earlier initiation of de-
stocking. Having a drought plan also increased ranchers’ use of one 
source of scientific drought monitoring information (National Weather 
Service). This study affirms Webb and Sheeran’s (2007) assertion that 
having a plan increases the decision maker’s ability to detect cues 
to action. With a plan that defines the connection between drought 
monitoring cues (if-condition) and specific actions (then-action), the 
rancher may better understand the salience and fit of monitoring and 
early warning to their decision spaces and, thus, be more likely to use 
available resources in decision making during drought. 
In other words, the drought plan may help tie monitoring informa-
tion more explicitly to the decision makers’ processes of initiating be-
haviors related to drought response. As ambiguity is one cause of de-
cision makers’ delaying protective action (Lindell and Perry 2012), the 
drought plan’s indirect effect may have been to increase their acuity to 
environmental conditions and sense of certainty that what they were 
seeing should trigger action earlier than later. In this way, having a 
plan strengthens the connection between drought early warning and 
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drought preparedness, mitigation, and response, two of the key pil-
lars of drought management recognized by the International Drought 
Management Programme (IDMP).7 
In this study, the drought contingency plan is defined skeletally as 
having an if-component and a then-component, but we are aware that 
there are likely to be large differences among ranchers in the form 
of their plan, as well as the quality of their plan. We suggest that the 
quality of the plan may be judged on the degree to which it success-
fully translates a situation of uncertainty into opportunities for de-
cisive and beneficial actions. While all of the ranchers in this study 
were faced with the same situation of uncertainty, some took deci-
sive action at points in the year that may have saved forage and range 
health. Haigh et al. (2019) found that earlier timing of destocking was 
associated with less overall harm to range productivity, as reported 
by survey respondents. . 
The lack of direct association having a drought plan and the tim-
ing of destocking in this study may indicate that the ranchers’ drought 
plans do not uniformly have decisive triggers tied to precipitation and 
forage production months. On the other hand, decisive and timely de-
stocking was associated with on-farm monitoring. This suggests that 
it is not enough for ranchers to have a plan that general drought con-
ditions will trigger a specific action; rather, it is important for those 
with a plan to actively monitor conditions at key points in the grow-
ing season to determine whether their trigger for taking action has 
been reached. This finding supports past research with ranchers who 
say that on-farm monitoring is one of the most critical aspects of 
their plan, regardless of the form of the plan, either written or re-
membered, based on traditional or scientific knowledge (Haigh and 
Knutson 2013). 
While this study focused on the 2016 drought yr, some parts of the 
study area (particularly northwest South Dakota) experienced moder-
ate to extreme drought again the following yr (2017). While there was 
no statistically significant difference in intra-annual timing of destock-
ing based on having a plan or not, those who destocked at any point 
in 2016 may have seen benefits to their action during the subsequent 
7 https://public.wmo.int/en/programmes/
integrated-drought-management-programme  
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drought yr of 2017. This speculation highlights a limitation of the 
study design. The study focused on the impacts of the first year of 
drought, and data were collected during the winter months directly 
following the drought. While operations may have sufficient buffers 
in forage or other feed supplies to withstand a 1-yr drought, the sec-
ond yr of drought is likely to pose greater challenges. It is possible 
that ranchers with a drought plan, having been more likely to destock 
in 2016 than those without a plan, may have experienced the 2017 
drought differently. But that is conjectural for this study and suggests 
the need for follow-up and longitudinal research on drought man-
agement and impacts in the future. 
This study contributes to theoretical literature by finding evidence 
that the implementation intention in the form of a drought contin-
gency plan has indirect and direct effects on the protective action de-
cision process, but it can only suggest possible causal pathways to be 
examined in future studies. We suggest first that having a contingency 
plan appears to have some effect on the decision maker’s process of 
assessing whether a threat is severe enough to take action. Second, 
by specifying in advance which activities are to be taken, having a 
plan appears to influence the PADM process of assessing and select-
ing response options. There is a great deal of room to explore these 
relationships further, as well as other potential effects of contingency 
planning on protective action decision making. 
The findings of this study should be considered exploratory. The 
study sample appears to be representative of the target population; 
however, the overall sample size is not large. Further, because only a 
subset of the sample undertook various drought response actions, sta-
tistical analysis of the timing of those actions could only be done with 
even smaller numbers of respondents. As noted in the methods sec-
tion, in the examination of the timing of drought response actions, our 
analysis was only powerful enough to detect medium effect sizes (e.g., 
0.30 and above) and may have missed smaller effect size relationships. 
Future research designed to obtain larger cross-sectional, probabil-
ity-based samples may elucidate important, though more subtle, re-
lationships between drought planning and drought response. 
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Implications 
According to Marshall and Smajgl (2013), helping resource managers 
move from very low to even moderate levels of adaptive capacity is 
challenging, but we find that it may be possible to increase adaptive 
capacity through targeted opportunities to plan for climate hazards. 
The National Drought Mitigation Center’s Managing Drought Risk on 
the Ranch guide8 provides assistance in setting situationally appro-
priate triggers and response plans. Resources such as this should be 
useful to ranchers and range advisors as a tool to improve adaptive 
capacity for ranchers in any ranch context. We find that the process 
of developing understanding about key precipitation months, forage 
production, and optimal decision times may be a particularly benefi-
cial part of the planning process. Developers of climate information 
tools can help facilitate this process by more intentionally connect-
ing their tools with specific decision points. The development of crop-
specific decision calendars is an increasingly used approach for im-
proving linkages between the timing of decisions and the timing of 
conditions (Takle et al. 2014; Haigh et al. 2015; Ray and Webb 2016). 
Studies such as this (and Haigh et al. 2019) that link climate condi-
tions, decisions and the timing of decisions, and the impacts or out-
comes of a climate event have value for the development of decision 
calendars and improved usability of climate information in ranch de-
cision making. 
Overall, we find support for integration of implementation inten-
tions into models of protective action behavior such as the Protec-
tive Action Decision Model. Consideration of preset if-then plans may 
improve understanding of how to communicate risk and early warn-
ing information in ways that are actionable by decision makers. Con-
tingency plans are unlikely to be a silver bullet but show potential 
for improving the outcomes of hazard response for natural resource 
managers. While drought planning is mostly practiced by rangeland-
based livestock producers and is less common among other types of 
agricultural producers, future efforts to increase the use and usability 
of climate information for the entire agricultural sector may benefit 
from considering how the development of appropriate if-then plans 
8 https://drought.unl.edu/ranchplan
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affect both the timing of decision making and the use of information 
in decision making. As such, this study demonstrates again the rel-
evance of social theory literatures to improving rangeland manage-
ment and drought mitigation and response. 
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